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PIEZOELECTRIC ELEMENT STRUCTURE, LIQUID EJECTION HEAD AND 
THEIR MANUFACTURING METHOD 



Abstract: 

Abstract of JP20022341 56 

PROBLEM TO BE SOLVED: To provide a highly reliable stabilized liquid ejection 
head having a piezoelectric element structure exhibiting excellent durability and 
piezoelectric characteristics and long ejection openings formed at a high density, 
and to provide its manufacturing method in which micromachining of 
semiconductor process can be employed by making thin a piezoelectric film or a 
diaphragm constituting a piezoelectric element. SOLUTION: The piezoelectric 
element structure 10 comprises a diaphragm 11, and a piezoelectric film 15 
having upper and lower electrodes 16 and 17. The diaphragm 11 is formed of 
single crystal silicon or a single crystal silicon material doped with an element, 
e.g. boron, and has a structure sandwiched by an oxide layer 13 of Si02, YSZ, 
MgO, or the like, and an oxide layer 14 of at least one material selected from 
Si02, YSZ, MgO, SRO, and the like. The piezoelectric film 15 is a single 
orientation crystal or single crystal having one layer structure of PZT, PMN, 
PSN-PT, PMN-PT, or the like, or multilayer structure of different composition. 
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fstmrntyyvj v+mzmsmmmtz^L. m 
its. **i-e*uoflwa*. d, +d 2 so, ama&t 

****** 3 ClMSiiTV**£fcfc*mi:"*-*ll* 

[11**3] i±»0§|/¥£D 2 kfifcft, *sh.-T 
noMJl*^ d, +d 2 + D, S5XD 2 com&jUZ&L 

[I9*JI4] ESKii, PZT. PMN, PNN, P 
SN, PMN- PT, PNN- PT, PSN- PT, P 
ZN- PT^ffi^tfOV^-rn^t-fcO. — JlflBftftiV^i 
S&ifflJftOSMflfirc** c t *^fc-ri.fS«JS 1 

[ a** 5 ] sihs t ff«K<oiaifc:^rttr h mitmm 

f)K S i 0 2 , Y S Z , A 1 2 O a , L a A 1 0 3 , I 
r 2 0 3 , MgO, SRO, STO<7)o-h'J?%<bii — 
«£Lh<0lWk«rC-* S -I i: 4: "T 4 ft 1 

«*»JiW-fiXS. »2«»ft!|M±fcJ|i--iMteft& 

m-t>tchmtm.mz+r>Y a v+mzmtsmimmt 

-y^t^tfig^a^lSJSSr-f-^md, , d z tt 
^ft^Dlgyf;^ d x +d 2 SD,<y)|W&$£ 



di + d 2 +Di ^5xD 2 <0BMR**tft4 
»»*K<fr«St^-y K. 

CtMtrllO] S.mmit. PZT, PMN, PNN, 
PSN. PMN- PT. PNN- PT, PSN- PT, 
P Z N- P TCOimcr, \, ^fifrX'fo K) , —mWafo h \ > 

6 1 9 «ov v$*h.a» 1 mzsmnffiwm^ -/ v . 

[8t$* 1 1 ] §Mfc E«K«oiB»c^qtr SlWb* 

if S i 0 2 , Y S Z . A 1 2 0 3 , LaAlOg , 
I r 2 0 3 , MgO, SRO, STOC03*>^< 1 & 

L 1 0 cot 1 JfCEftOffiftiM* *s -y K . 

■siMMst^ y Ycomm-xmx'fo^x , i^o^ym 

±lzWtfm®£ft LXmS&is 'J a yJScDh Jy'Jny 

[000 1 3 
[0002] 

[^*cosft*] ^"vny^t'coepM^at lx® 

rlx\->&. <i<7)'Mfammzmmmzi&^ rn^iv^- 
{.zx^xa ytmnmw-wzm&zmLi*:^, %com& 
izxzmjjmzxomm&ntii&it&hv), mrnxizx 

[0003] -jRtc smmTim^tzi&fcmmm 

jifflt^ttaiPt^ffii.. *<?)JE^at:JE«*7T&»« 

j;tma[En^ s zmzimftmm^y K«*Rflsw*» 

H«^-4 C t WW,*- t>tlX v . ?SHs:«*f^ -y K 
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ifiX'% h . 
[0004] 

te£o*Emm?i l z&if&m®jmi. Pbo. zro 2 

t5j:t>'T i 0 2 ^t^£S'-httCl^ililXbfc«L m 

&mm*mut i o ^ mjarraK c t# 
t **ffl»rc* o . Ernsts £/MHrrr & ^ fc j&wcft 

[0005] $ fete, dil^O^i'- Mi, 1000 

□ t/w £m&?&ztimmb%'>x^&. 

[0 0 06] XA- 7 ?S5:ffll*fiftrn-feX 
ffiJi. EfiPPF 1 1-34828 5#&«H:S*S*l-CV> 

M?DJBfc P ZTcr>JicO»«f*:i:-ri>C b ZlWlb LTV* 

[0007] l#>u WM^mtzmm^tix^^u^z 
[0008] ( i ) ffiii&®iztmtcommmt;Ti3., n 

3Ktt«fc < £«Ufc*-Efa»A&£ ^ti*t&AP Z T# 

( 2 ) mti&mztmcOJr&Xlt. *eft<0MgOtf<0 
iS«$r*»&iyaK±fc: La>ffifi Lfc P Z TJf^'ff ^ ix 

( 3 ) im&mzimoiim^ <mmmz£&&j}%. 
mm) wMb&w^t<r>8^h*wi&*mtti. 



(4 ) ffiffl^fcSea«^fcfc«t4f8HKU:. $#nt 

m^y fa^h >7m<vmmzw.mteix. L^t.uBt 

&Z\bbtc*). im&<?>fc h nMttii^£# hZ.b tfX' 

[0009] %zx\ «i, matJtfia^w^)* 
ttzmftthmw*mm**mw&h z. t t* 

i^axx/^KX'^-mmmizmm^titzmttaa^ 

[0010] 

WzttVX mmtmeom^TiMbm^^TiMifi^-y^ 

ttfzttm^%&mbwm**ry fw -y^caEtfiwfc 

[0011] *«BB<0E«SI5^fliai***:t»o-Ctt, fSift 

jfcoieyisrmmci, . d 2 t-ri»i:#, ftia<o 

D 2 k-T^i:! 1 . -ea-pn-O^lf^ dj +d 2 +Dj 

[0012] ^HB^ff^^WJSfrtcfco-C, srnn 
ti. PZT, PMN, PNN, PSN. PMN- PT, 
PNN- PT, PSN- PT, PZN- PTc7)fflfigi0V^ 

[0013] *mx?>E.mm=?mm.mzt5^x . 

fcE«H«OHt:^qtr*l!Mb«j«tt, SiO z , YS 

Z, Al 2 0 3 , LaA10 3 , Ir 2 0 3 , MgO, 
SRO. STO»5W<tt -SULh^S-fb^T'^ 
ZZbtftttL^. 

[0014] *?twnj±mm?ffimtkc?)wmiTmte. m 
mmb mmmtti-z&nm^ffi&ftcowmii&Tb 
t , y'jn ymMzmmmzft lt^is^^ >j a >a 

<T>h h =s y rj y««±lcm 2 OlMtWB 1 
*4£EttR**rit^&IS, fcJ:^EmRht:±gpm@ 

[0015] *«W<0}«*i««^.y Hid. iKRtJBPtca 
ii§ix-SPlcfflPlaJ*«$it^E^SS:*-t5*flta 
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7c*# h -7 £ *ufetm*»«.* 4 * t mm * -9- > 

[0016] *»»Oi8[ft«RS*'v.-y FJCfcWtU. Stt 

IIIW. d, +d 2 £Di *>BM&CfcJRatf-*J:d(cR 
D 2 k-t£k#, tftfftagMW. di + d 2 +D! 

[0017] *m*n<r>mtk«mM^-y KtCfcwe. £E*W 
(i. PZT, PMN, PNN, PSN, PMN- PT, 
PNN- PT. PSN- PT, PZN- P T<0igj£<7>V * 

[0018] *¥tWOffi.fcmM^<y Kfcfewc, SINK 
tffittK«IBIfc:^fti-4SMfc«rtUi. Si0 2 , YS 
Z, Al 2 0 3 , LaA10 3 , I r 2 0 3 , MgO, 

sro, s t on o -hp* < 1 1> -mw.±.<rm.itmx'fo 

&Z\kt>W£UK 

[0019] xm&mmm^y ^m^nmn. m 
atma Kim § ti—»£mn»tm& z tazmtiwk * 

■fh^mMMk, WiBBBPlB*^ <*J: d KwHEE* 

mtzm^titismm^mm^k zma twrnm^v 
x v n vm<nhh ^ u n vmmi.iz'mznmt 

ftlSJBflffilg. *2^)BMkWi±fc:#-ErtllSft 

k-rs. 

[00 20] 

* , c7)±tc«M s tix w h s±mm t mwetjj &&&& 

■f. ffl&mz&titzmTk -t&^ktfX-Zh,, 
*§&Clka*T"#S. 

[0021] WaL^E«6^«3t*S:JR«c«B«A > .y F 



SUBHt-t •§> £ k t¥ift7ot x X-m \> ^htiX v 

toxz-aimk-rz, k k hizMA&^Bmxmizhmi-. 

£«T-I>.rk* i -C§6. 
[0022] 

[oo23]Hio(a> «. xmrnzmzmftimi^ 

•y HOf^HT'S) 0 . PI ( b ) (i. ( a ) C0A - Attfc 
fttoTKWfU-C^'tBrBia'CftS. 112 {4. *«^8fc:« 

fo*im(mz*-rmtMwmx>b & . 

[0024] *»«!8<0*fWRfl*EaK-y h* 1 ti, I1<0 

( a ) *j jtf ( b ) iz^-rx o «iS:^D±iUP < y 

xVk) 2k, ««EtttflP2fc:«CLTjStt<5»*T^:«BR^) 
E^lS (JSM) 3k, «-EE^]^ 3 C^mSIEtS <fc 

o taftjt^*ifeffiwt^«3a«c i o k»e>mm.2tix& 
<9. mo±m,n2i±, ^^y^xyv- hsizm^mm 

Zi>->XB®.Ztl. E*S3tt. (MM* 
U ) 6 ^MttiiJ P 2 fc: **i<eftJ*fE-f 4 J; -3 fcM?"l L T 

ixtzmm&6 a£-frLx&m*tiiin2t,zzti-?timm2 

^tv^***. OUfflMtciStt^Clkt^^. 4fe. * 
«s»CtP 6 co±ffitc{i#E^)S 3 t-e*i-ehJktffi LfelH 

PgP6b*>'ffM$il. **S^gP6t?D±®tC*3^T^P 
SP6 b S:»<'J; o (cE««^«it^ 1 O^filW^, 

a. imm^mmfoi on. mmui 1 tffisfi 2 

k*^««§ixTV^. 

[0025] *%HjojE««^^it* 1 0 &m&ttm 

MSWf4TffM$ix, m 1 tfOKYttiii 1 3k%l<mA\L 

*m\Ax~*rvYA •v^-mzmztitiffimz^L, t 
tz. i±.nm*mm.fai o£mm?&B.wm z Fi2cr>Bm 
mi 5 k txti. *-KMmai>MMffiimnffm 

6. 1 7jWB(SSfl-C*5*K Cfl^c7))I«Ml 5k«ffi 
16. 17tcJ;0S18S^l 2 
[0026] iWi 3 tc£E«S^filit«! 1 0 iffifcth 
k tzi. <0 . 4 v ^i£&Affiffi<9Sft& 1 1 * { 

Mitmi 3 , 1 4T«tixT^4^*6^, flUtitidSffiS- 

ift 0 £ t r t . M^ms*^ l x b . saus g#o 
mxwmzti, *<7)±iz$mztix^&E.wm 
bommjjw&ititr. mxmzmint^m^k-th c\ k 

[00273 ^;. tiUWRl 1 . JStt^l 1 Sr^T'ff 
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mm 1 1 (r>mmiD 1 t u w, 1 coski^ji 1 3 

^HiS^d! . *(2?>iMbl!gJB14 0|(J?£d 2 fc-f* 
k%. d, +d 2 ^D, * 

d, + d 2 SD, 

fcEEWPBHt* (10) J5j:t/iMI^7 H ( 1 ) 

[oo28is»«i 1 (bb^d, ) . mivmwtom 
1 3 (iKffd, ) . &2<?)mmmi4 (n/jd 2 > 9 

, li5nm-5Aimt*'), #F4 KlilOn m— 3 // 
m-CfeS. »2*)»fl3ftJfl4<0»Sd 2 ti5nm-3 
jumTib'J. Jff*L<i±l 0 nm-lAimtM. jftfr 
K11C0JSJ5D! ^ftffcW&JKJIfc LT(i. lOOnm 
— 1 O/xmT, #4 L<«5 0 0 nm-5nmtfcS. 

mmmi icr>mmD 1 a*i oummznt&k. mwm 

^fcSrOSFt U<«rv». 

[0029] $ tfc. 4^KB^>£E«R7fll itffc^fcwc 
«\ Elil 5<9®U?£D 2 t-f&m^lZ. d, +d 2 
+ D, ^5XD 2 ^WflfaJWJ^**£fc* s #*U>. 
d, + d 2 + D, g5XD 2 ^{fcB<0 

JKl5<9ffiy?D 2 eo^ttW&Kfffc LTtt. 500 nm 

[0030] Hift^l leWSb LXitS iT'£>*K » 

B%t"<v7cmx') i -\L°y?'2tix^xi>&^. mmmi 
1 1 Lxmmth s i <ots^ffi»&5pjffl lte*is? i 5 

[0031] isnris 1 1 ±.t,zBm.-r&m 1 cmftMm 1 

3<7)^)«i: LTli. Si0 2 , YSZ (^f-yb'J^ 

AMI 4c0ttfi^ LT{±. Si0 2 , YSZ, Al 2 O 
3 , LaA10 3 , Ir 2 0 3 , MgO, SRO ( S r 
RuO s ) fcit/STO (S rTi0 3 ) *ftW<>a(f*l 
fciJ^fcfclocOWBfcfflVvS. Si0 2 JiW 

cDMimzm^&m^ii. *tit>& din 
(100) %ztzmmnLtzttmk%&. zcomitm 
mifis i o 2 km^mmnu^h^x-hhi^s , s 

i 0 2 +K«W»^k«W)**7C**ra«**S*felilS 
ti, 1 0 a t %&lTX\ SiL<«5at %&TX°h 

[0032] *«B^ffi«*^flBS«5 1 0 KflWH"*- &JE 
«M1 5cr,mMk LXii. W.T<?)i>cotfM8lT£& . ffl 
*{f. PZT [Pb (Zr, Ti,.„ ) 0 3 ] , PMN 

[Pb (Mg, Nbi., ) 0 3 ] , PNN [Pb (Nb 



, Nil-, ) 0 3 ] , PSN [Pb (Sc, Nbi-, ) 
0 3 ] , PZN [Pb (Zn, Nb,., ) 0 3 ] , PM 
N-PT < ( ,_ y) [Pb (Mg, Nb!., ) 0 3 ] -, 

[PbTiOj ] } , PSN-PT { a - y) [Pb <S 
c, Nb,., } 0 3 ] -, [PbTiO s ] } , PZN 
-PT { u . y) [Pb (Zn, Nb,_, ) 0 3 ] 

[PbTi0 3 ] )X'foh. ZZX\ x&it/yiilW 
TTOULh(^Brf*&. mm, PMNcoi§-£. xli 
0. 2 — 0. 5X\ PSNT'fcL x«0. 4 — 0. 7£* 
#F4L<, PMN-PTVDyJiO. 2 — 0. 4, PSN 
-PTcOytiO. 35-0. 5, PZN-PTOyli 
0. 0 3 — 0. 3 5##*U*. 

[0033] *W»C*3VVCtt, £*t6tf>ft«£#-E 

j£KajK3b>^> 3 0°C/m i nUJLhcOBSE^aJS-^fd 

£ t (c J; o . iifiK-rs - k tfX'Z , $ <b ic, -ewffi^* 

[ o o 3 4 ] *jt . ffmnji. m-mm.c7)-mmmx'h 
-5-ct>^v^L, 2 imv.i.com^hwz x&mchm 

a^fflfiKor y * -a SrBicM Lfc mzm& t t t s v > . 

^ft^AOW^&^fc, PbTi0 3 <r>TVi)- 

mzmmLtimzmmT&zktmtLw ±ia 

&\,\ «r*j, m-iB[6]fe H H B S,^^{im^tii, xrd 
(xismtFr^B) <7>e-28 (T^hTU-y) WMlz 
X 0 , ■t<o«jfeSKa*3& t 8 0 %W±.$>& t>coX'bK).n 
4L<(i8 5%JjLh, J; i 9if4L<{i9 5%IiLh^t^ 

[0035] ^Jo, PMN-PTMHtiPZN-PT 

rPm 5804907 #BJ«WClStt$^T t £ CO 
^TffifiTS SGS (Top Seeded Solution Growth metho 

d ) iz£K>imzitt^^7(n&&&zwmtnx.>im& 

*lfeBJco J: 5 tcjEm^O^JSS: 1 0 mOTtt"§ £ 
bitXW8rt-&&mtfh&tz*b. im%¥ffikftj)&& 

[0036] *miiz&^xi&, muttzmimMm 
tt&nffi-otzmzf&mx-z ztmhiz. ±ie^j:5^ra 
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[ 0 0 3 7 ] mz . *fKBwE1|BR^«Jtft«oft*6W: 2 CtJttil^*^- ) . 

& . ±asm& 17// [ 0 0 3 s ] 

e*ji 1 5 //rwmm 1 6 // jg 2 nmam 1 4 / 

Wl : Pt//PZT(001)/PT(001)//Pt(100)//MgO(100)//Si(100)//Si0 2 

zcr>mm&x'cr>mmt\ts i ( 1 0 o> wam*msm\mm\*. m 
go(ioo) tsio 2 ot. mmzm&i. 

M2 : Au//PZT(001)/PT(001)//PT(100)/ASZ(lll)/Si0 2 //Si(lll)//Si0 2 
M3 : Au//PZT(lll)/PT(lll)//PT(lll)//YSZ(100)/Si0 2 //Si(100)//Si0 2 
M4 : Pt//PZT(lll)/PT(lll)//Pt(lll)//YSZ(100)/Zr//Si(100)//Si0 2 
M5 : Pt//PZT(lll)/PT(lll)//Pt(lll)//Mg0(lll)//Si(100)//SiO 2 
i^Ue : Au//PZT(001)//SRO(001)//Si(100)//Si0 2 
&I7 : Al//PZT(111)//SR0(111)//Si(lll)//Si0 2 

$18 : Au//PZT(lll)/PT(lll)//Pt(lll)//YSZ(100)/Si0 2 //Si(100)//YSZ(100) 
m9 : Pt//PZT(001)//SRO(001)//Si(100)//YSZ(100) 
mi 0 : Au//PZT(001)/PT(001)//Pt(100)//MgO(100)//Si(100)//YSZ(100) 
Ml 1 : Pt//PZT(001)/PT(001)//Pt(100)//MgO(100)//Si(100)/ASZ(100) 
001 2 : Pt//PZT(0Ol)/PT(001)//Pt(100)//Al 2 0 3 (100)//Si(100)//SiO 2 
mi 3 : Ag//PZT(001)/PT(001)//Pt(100)//LaA10 3 (100)//Si<100)//Si0 2 
[0 0 39] f?IJ6. 7tiJ;V9(Ci5V>-C{i, SR MN , PZN, PSN. PNN , PMN-PT, PSN 

o#, awttiWL-cuso-c, w.2commmi At -pt. pzN-PTtMSs:RS-frfc*is«rtm 
mx'it. smmtLx, pzTfc-i.^«iPZT/PTco c 0 0 4 0 ] , 

Au//PMN(001)//Pt(100)//MgO(100)//Si(100)//Si0 2 ; 
Pt//PMN-PT(001)//Pt(100)//MgO(100)/Si0 2 //Si (100)//Si0 2 ; 
Al//PMN-PT(0Ol)/PT(O01)//Pt(100)//YSZ(lll)/SiO 2 //Si(lll)//SiO 2 

c 0 0 4 1 ] mfiao@«j«^^t;i3v>-c, fs® ^snfcffiwaBa (Ewt^waa*) t £flM.fc«E* 

rt LfciMfcGrfiKi , m& Ltz J; 3 lz 8 0 %ULh . *f ••/ K <so*BScfr8rc* i X , flriB*>ffi**Pfllitft 

4L<«85%ULh. «fcDffiL<Ji9 5%J2Lt<0«3fc c0t5US^^XS0>~®Oflfi^, ©ff«»*4Mtr&X 

[0042] m2<7)Mimm i4tvx, si ohmem /io zm&tbJMtt-fh . 

T S i 0 2 SrgRf feS^i. flfi^IMfcftY [0046] OT, UiE<0#XSfcot^T)«aattW 

SZ, MgO, I r 2 0 3 SriMiR-f Mitm-fe h* (DWXgtc&Jt h r v-'J 3V*±(cBMfc*KBS:^L 

AtfDiaesSttciOiBBjIHR-r&ifcj^T**. GUtf. "CmM^'Jnyii^Sb^v'JrjyS^j tii, SOI 

YSZ<OlKBlll#(cA*l^-y'y h*»6YSZ*jfiR-rS (silicon-on-insulator) fc&V^U 4 

fc, S iJHtf>_Lfc&KR (^ili'Zrf) &»)K^JKt n >-«Sr«JRLfct>^>*ffl^T fc&v\ SO 

Ti>W±\ Si0 2 0£jj££B5<-.ri:#T§:.S>, iat«^. ^ 'J =J VJBiflJK-flSSDB i: l± . 0"RJ£S 

[0043] *5ttHfc«4ff«* J FflKft«s*J itX i 0 2 T$> 9 . JP&fllfefcftj: Hi. «*lf Y S Z 

fctWWt^ HcO«Jt*ffitCOV^TB«Bt=SiW*. (100) , YSZ(lll), MgO(lOO), M 

[0044] *mi<m$mbEw&ztt&&.nm : ? go < 1 1 1 > , sto < 1 o o > . sto(hd 
x&f£M,is>j3>m<7)$>&i<->j'3>'mm±< l zm2<7)mik jfiL<iiionm-3^mri,i.„ £*i.s>co» 

<a>i±mm±.iz±Bnmt:Bf$.-t -i»xg^*-r h . [ o o 4 7 ] mf?,^ u n ycr>±iz&m-&m 2 count 

[ 0 0 4 5 ] 4 , ^wmmwmm^ -y f cos^i§^rffi ®mii . ©oxea =t v/» & ^xe^wtosM 
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{£. Si0 2 , YSZ(IOO). YSZ(lll), 
SRO(OOl), SRO(lll), MgO(10 
0), MgO(lll), lr 2 0 3 (100), Ir 
2 O s (111), Al, 0 3 (1 00), Alj 0 9 
(111), LaAl0 3 (100) , LaA10 3 
(111). STO (100), STO (111) WT 
foh« Ztlt>(Dmm(d z ) fcfc, mmLtzXoiZ5nm 
~~3umX'fo*), Kt3.L<iZl 0 nm-~ ljxmX'$>&. 

[0048] m&Ltzmmmzts^T . m2e>wntmm 

ti. miX'ii. MgOX'fc*). 052*Ctt. YSZtSi 

o 2 tas. uosioj (±. mmmv$>i>Yszcr>m 

«Slfc:J:0*l»3-tt-Tt>ftv». SS 2 coifrfbftm: s i O 
2 ^**14«^. Si0 2 (fCttfflWOBMfcftJi (tSffi 
88) 0>AIB«*a»**3-£*£fca**F*L<. 

sio 2 <7)B&miz. Yszcof&mLtzmm&j&frh 
j £ t c <fc 0 

Hit*. *rW*«JRffl* 

nrnzY s z tiawM, Ysztsi ^mt-z s i 

0 2 mn&StiWBKZklPC**. SriK Si0 2 

[00493 ©coffiUK^js-rixe-rfi. pzt, 

PMN, PZN, PSN, PNN, PMN-PT. PS 
N-PT, PZN-PT*Offlj£CDVvrft*»£ffl»rVC, 
-fll»aA4^«SWflBao£E«JKt»ia-r4. 

[00 503 90X15£:btt&JE«lLh'^Jbame> 
#j£t±. x^y?£, ^*ft$>*v>J±M*ffi^i:'tJ:'? 

u , Pt, Cr, Al, Cu, Ir, Ni m<F><kWM¥l 

^sro, iTowemwB&MtXFCitSk^. ±%zmm 
it. EW&t^co^nmx'h&^L. ffi$mmTi>& 

[00513 *ft^Hx&?mm<rm&mzts\,\ 
[00523 $ hiz. mwm^ y Fcom&x&iz&w 



$o±tfjp (/XyP) t&jimm&^lzzti^tL 
ttfctl X o tea**-* t O-C* ^K'^tt 

x -y hX.-yj->ynj;in i 7'(^vj~y7t,Z&\,^XlZ. 

n?-~y 7<r>fzmz uisx\-mm£ffi?t ti>lz, is 

v^ymi^nKfrnimB&BfSLZ&mfci&kxft'i 

Xt>&^. £fz. toMZivfcTWBfomtzKWgPMm 

zm&L%\<mi<7>i&^mmmz-ftmLxi>&\,\ 

[0 0 5 3 3 ©WE*S*»J«-r*Xg«. mW&Wto 

i»n»fy/, K^-fx-y^^ mmwtox w 

iff, -^>-F^XhX!i^) =$Nfc, E*MSfl 

SUSmR$>i>Wi#V-?-tfmX'MtfLZtitzmR 

%yx$>&. -yvzymm. susmmzm^tz&&co 
mx-fi^mizmmmzm^xmz t hx-z & . xv? 

ztLrzmmzm^xt>&\.\ Knmnwmi.. &%m* 
nm. mmm&mmiRi- & ztifix-zz,. * *mm 
h >- 3. - 9 -co^^m^jMcnmmm^ s xiv-n^z 
m-itzmmz-th z. t t>T# & . 
[00543 ®^D±aip$:»«-r^»xg(i, agnttbn 

xecootfoxstiPi^^fd^rtft^. 

[00551 *%ag<o»*Pa«^^ HcOSKtfrati, 1u 

^Ltz&mm^mmi^kmm. mmmwm-mimik$> 

***** < . **oKJfl«dRt=»JCT* SjRflrtStSt^-/ K 
[00563 Jfcfc, *II«f*W»M?:*lfT? 

[00573 ( itsttM 1 ) ^mmmtz^\, @ 3 ^#sg 

LT»T£. «rtj, 03(4, *^Kffii»i±«S-?« 

irffim.fo<nmftmmmx'h s . 

[00583 ^fe-fs 6 2 5^mlfc7)^yr?>-ii2 8, 
0. 2,umfWSi0 2 H2 3. 3 ^ mffcomS^B S i 
(100) J12 lK«)g§^5SO I«K29S:fflVi 
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t.fM B B B Si ( 1 00) M2 l±lzx;*v?f&Mlz£ 
OYSZ (100) 24£800°CT0. 3/imJST'RJc 
KLfc. TgC^fiEPt (111) 262-0. 5 

umf&mb. f^iCPT (111), PZT ( 1 1 

1 ) <7)EXm2 2 £ 6 0 OXrCJSltUS. P ZTcosfifiS. 

t±Pb (zr,, 53 Ti M ,) o 3 -cjauRut. s.mm2 

2 CO&focommZ 3 . 5/(irit^)t. ^X ^fifciH 
mz*5 1 ">T . j£Kttatt£BfiS& 4 0 °C/#iilhO&2& 

T\ YSZ (100) 24tSi (100) 21 <7)^® 
iZlim2<omtttomtLXS i0 2 124a^0. 0 2 
^mCOJJ^t-^SilTV^. S i 0 2 124 a<7)$tJ? 
fi. 8 0 0«CT«KLfc8«-tf>i i*jK*W>T 100* 
iaKftftUfe^CWO. 2AtmtC^->TV^. SiO 

2 "fOYfcofcVZ r&Jg<75-£3Tfi{i4 ■ 6 at%t*o 
fc. £E«IH2 2<0*ISfltt(i. XRD ( X»EWf«a) 

fcri") (ill) <nffltqtf9 9%£A±X'fohZt*mm 
Ufc. 

[00 59] Z(Ommm2 2cO±CC±g|$mffi2 7tLX 
Au^IftftltJt. -f-om. ^ll=7>"Jf 2 8£. TM 
AH (h'J^f/l-Ty^AhKnJfyH) 
^x-y hx>y^-y^"(;J; , 9^1<5DK'ft;?*)«2 3Ti|Bl 0 
0/tm. ft£ 2mmcO«^(C^^ J: ^Kx-yf^ 

[00603 yjieyxvizLzimztiZEsm^mm. 

«c (03) tCtJVvc. XT<0ttffi2 6. 2 7£BX9iiJ 
U |g»j^adS3 5kHz •CflHWBE+ 5 V/- 5 Vt 

Ltiffimmz&^x %>, o . 2 5// mco^n^im 
mmttz. 

[0061J4ft, RHK^WJR-CEWR* 1 ^** (IS 
|6J«:#4 3%) T*41I**^»jfttt£ft*LTHaH:: 
^SSrSJjgL^i:^, 0. 0 4 fxmX'h 0 . 

\>*>hcr>X'fo->fz, 

[0062] ( mmm 2 > s i *at£AKfa)*< 
(111) cr>&fc$:m^xA;*v?jmL. m&Lfcm 
m&iz&tf&m2cr>wmfozimLf-z» pzTcoss&ie 
(ooi) tc-rs-ifctcto, s/»cwfflt«fiff 

•yf->-^«UlS:1tofcatc»ffiLfcgBfi»i, 0. 2 5 
;um~0. 2Sumt&ft%WX'fo->tz> 

[0063] imm3 ) *$mmizm-3< mtmstt^ 
y v<nwtimz.^xm4*mm\^xm*ftth. * 

[0064] B K--r3ilrt:JP«MlS i (100)/S 

io 2 /siffifcc?)mwi.3 9 (&mm-. 2. sum/i 



«ra/250iim) SrfflWC, B F-rSflfcJIll&fcS 

1 (100) 3 l<7XBcMgO (100) 345-0. 3 
/xmCDff^T'JFML*:. £McPt (1 00 ) 3 6£ 
0. 4jum. PMN (001) tfDffillBI3 2 £2. 3 jj. 
mfftJfflKLfc. PMNWWi. Pb (Mg 1/S Nb 
2/3 ) 0 3 X~m&Ltz. TEMWimziht , Mg0 3 
4i:S i (100) 3 liOffHlcO. 0 5/tm<7>S i O 

2 S3 4 aimi&ZtlX^ti. ±MW.m3 7 (C«iA u £ 
^-XhM^PL7t. LT * Si/f3 8£SF 6 t C 4 

f 8 zm^tz?'?x-?^ yi-yy%m.i,z£ r>s.iim4 1 

4 2fcm i J7^7l/-N4 3^L, ^ttf) 

[0065] tLhwi 3 iz Lxftmzti&^mwicom 

ttam^v VZtjOWAIZ&^X. 3 1l±BH-7?ii 
fc*BAS i 3 2(iPMNcOJEmK. 

3 3ttJKl<*>BMfcSi«. 34. 3 4 a ttg 2 *>Btf Hfe 

3 6ttT**ffi. 3 7liJi««ffiT»*. 3 
8teJE;JjS4 1 *>ffM$^S i JS. 4 2<i+^««, 

4 3«iRia:asn4 4 36*jBj«3fi./£3ru7 uru-bt- 

fcO. JEE^JS4 l<0l@(i6 OAtm. Sitf* 2 . 2mm, 
ffi^lM4 lHWPiiItSJi2 4//mT£>.g>o 
[006 6] ^icO^Ws •/ KSrffl^T. A >9<W± 
ajUifcSfTofc. IBW))l^i!c3 5kHzT-+7V/-7 
VcO^lWffi-C'. ft* 12. 8m/se cc7)n±£tJiSJ8£ 
««Lfc. vt&Ztl&mmVJ X{±. 3p1K26p 

4fc, WAttltfciJ: 0 1 09 0<o3«a**9igL;fca«aE 

[0067] 4Ac. JMSft^UnvjgoMWSrl 0^m 
fcit/l l//mi:-rsa«S:fflW -f(7)ftfec7)^(i|5l« 
LT. 2 «H<?5iRflsP|at^ 7K*fl«!Lfc. Si Mco 
Mftfl 0 ju m O^flsPtat^ •/ H cO^fiiati ,2.5// 

mm<omfr<m^v Hfcjt^x 1 o%<sml^*\ i o 

cps C9WttKtf5iR»*ia:ffiTS fe. 11^ m^frnft 
mmzimmnimznktiiX'Zt:. tztzL. I0vm(7) 

mi^mn^-y vizit^m^mxmz^i, hox-fo^tz. 
[0068] (m$mi4 ) mmi-t:mfoM3 ttstt^ji 

tiJPSN-PT (00 1 ) fcU -ecOft!ltO«)3£«i|5l 
ffilz LXmfomi^ y V SrfRR Lfe. PSN-P T<0i 

[Pb (Sc 1/2 Nb!/, ) 0 3 ] -0.45 CP 

bTio 3 ] tzmm Lfz. &ji&mw&xk&zi&m 
M3tmt*MxtzL. *Lxmtm®3iKx\ 14. 

3 m/ s e c cOjS^TM > 9 *VL\&th ^ fc tfX% fZ . 

t fz , ^mnmcoms&x'S. t>Ma& 4o^m, je^m* 

£2. 5mm£ tTt> 1 Om/s e c ULt^HWcfte 

[oo69] mmm 5 > mra LJtsutw4 tc*j«tsff 

ti&PZN-PT (OOl)fcU ^^f«!0«J«(ill 
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mu t mmz Lzmwm^ >* k trma l*. pzn 

-PTOitll 0 . 90 {Pb (Zn 1/3 Nb z/3 ) O 
3 I -o.io IPbTi0 3 } KilMcomZ 6 0 

#14. lm/sect WklfflVSLZmM Lfc . £ 

[0070] 

«WKtiMairc*y jm -y rmmttz biz* <o , « 

ow, ^-iaiin^ a B B^ ft t ^i#ssB a B^>ff*ip^^ii-rft 
mz&titiEim z ?ffimfo£ n& z £ ft . 

ssv^vsMx^ftft^k^TS. j±m*^«isis 

»*»BWt$- ft £ k T'¥^flsTn-feXTffl^iVC v ^ft 
«8»nX$-nTSgk-rft k k t CWAtt ii J»*S/Ettratt 

[Efiatf>1B*&itt«Ui] 

[01] ( a ) «*«BHt«4iR«tia»f^ y FOJHHBI 
T$>0. IB] (b) ii (a) <7)A-A|g£aoTWtBrLT 

^-TBrfflHTfeft. 

[02 ] *miizi&&ffi.fom%i^y vizmm-r& z k# 
ft. 

[03 ] *«ifltffiSJE«^^Ha^KJt*ft^-|g 
T'$>ft 0 



[04 ] *3WBtC«6««tBBS*^-y HW«Jt*«0-* 
T'&ft. 

1 iWWW^I* 

2 JSttHlP 

3 EHjM 

6 *fr£ffigfl 

i o E.wm=Fffim& 

1 1 ffifMK 

1 2 JE**-? 

13 m\<rmmm 

14 %2<rmmm 

1 5 jEHSt 

1 6 Tgumffi 

1 7 

2 1 

22 rnrnm 

2 3 mi <?DBWfc!fc» 

24. 24a m2cownmm 

2 6 TSWHS 
2 7 

2 8 U 3 yfl 
29 SOISt 

3 1 SIMS 
3 2 f±W& 

3 3 ^1 DSHtiHUI 

34, 34a w$2cDmmm 

3 6 TSP«® 

3 7 ±M§ 

38 ^iJrJVSM 

39 mm. 

4 1 ffi^lS 

4 3 ^-vy^xyu—h 

4 4 ?&n±ajp 



[02] 



[03] 



fEW-f 12 



16 17 



l.OKCX**** 





27 ififlt* 
22EEM 
!6T«t« 

24 vsz 
24a SlOs 

2lKtt«(V8Cs> 

23SW2 

28 '^'J3>» 
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[HI ] 



(a) 



12 11 M», 




2 wtfcffiu 



36 37 



32 £«8I (PUN) 



39< 




34MsO 
34a SO* 

33 5503 



sYsa EZZZZ2 t/VsV sxPsV* 



42 

777-43 



44**fcfl0 



(b) 



6& 14 13 



tag 



V / / A 



2 

flDfctan 



(51) Int. Cl. 7 

H01L 41/18 
41/22 
H 0 2 N 2/00 



F I 

H01L 41/18 
41/22 



r-73-K (##) 



1 0 1 Z 

z 



(72)«#f «ffl £8 

m#f!^EaETA^3TB30#2^ #-\» 

<72>*fti#& SRB 

SO^^fflET2L^3TS30S2^ 



a2) mm 

C72>»** fttfe 

F^-A(##) 2C057 AF69 AF93 AG12 AG32 AG39 
AG44 AG52 AG55 AP02 AP14 
AP22 AP23 AP32 AP33 AP52 
AP54 AP56 AP57 AQ02 BA03 
BA14 
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